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Description 

TECHNICAL FIELD 

This invention relates to electromagnetic recipro- 
cating compressors or pumps, particularly compressors 
for pumping gas such as air. Such devices can also act 
as vacuum pumps, but the term "compressor" will be 
used generally in this specification and claims for con- 
venience. 

BACKGROUND ART 

Such compressors, which may pump relatively 
large amounts of air with little compression, have an ax- 
ially reciprocating piston carrying an armature which is 
moved through a magnetic field generated by one or 
more coils. The return stroke of the piston is typically 
caused by a compression spring. There are many ex- 
amples of such compressors in the prior art, and refer- 
ence is made to the following patent specifications as 
examples, particularly of interest in relation to the 
present invention: - 

GB-A-1529597, GB-A-2041092, GB-A-2206931 , 
US-A-4090816, US-A-4718832, US-A-4867656 and 
US-A-51 00304. 

Such compressors are required to operate without 
lubrication and with as little maintenance as possible, 
for long periods. Their typical rate of operation is the 
mains frequency, e.g. 50Hz or 60Hz. Consequently, the 
compressor must be designed so that wear caused by 
the moving piston is minimized, so as to avoid the cre- 
ation of leakage paths which lead to inefficiency. Anoth- 
er problem is noise, particularly where the compressor 
is to be used in a quiet environment such as a hospital. 
Noise may arise as a result of wear of the piston or a 
surface which it contacts, or from contact of the piston 
with the cylinder head. 

The simplest and most reliable form of return spring 
for the piston in such an electromagnetic linear com- 
pressor is a helical coil spring, applied at one end to the 
movable piston and at its other end to a fixed abutment. 
A coil spring cannot be fully constrained laterally, be- 
cause of its radial expansion and contraction during 
compression and relaxation. Due to asymmetry in the 
spring, or in its mounting, it tends to deflect from a truly 
axial position, thus applying lateral force to the piston, 
which may result in uneven wear. Also, the compression 
of a coil spring causes a torsional force to be applied 
between its ends. It has been proposed (in Japanese 
Utility Model Publication Kokoku 55-45094 as abstract- 
ed in US-A-5100304) to support the coil spring rotatably 
at one end against the pump casing by means of a 
spring retainer seated on a spherical ball, so that the 
spring causes the piston to rotate gradually by torsional 
forces generated as the spring returns to its relaxed 
state. The stated aim is to prevent the piston from suf- 
fering uneven wear. US-A-5100304 itself proposes a 
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modification of the same principle, in which the spring 
retainer is supported by a ball bearing having a plurality 
of balls spaced from the axis. The aim is firstly to cause 
the piston gradually to rotate during the reciprocating 
5 movements of the piston, as a result of the torsional forc- 
es of the spring, and secondly, due to the mounting of 
the spring retainer, to prevent the coil spring from flexing 
away from its central axis and exerting radial biassing 
forces on the piston. It is not clear from these disclosures 
how the use of a low-friction or substantially friction-free 
mounting of one end of the coil spring will result in a 
gradual rotation of the piston in a consistent unidirec- 
tional manner. It seems more probable that the effect 
will be a small reciprocating rotation of the piston about 
its axis, which will not solve the problem of uneven wear. 
This is discussed more below. 

DISCLOSURE OF THE INVENTION 

It is an object to the present invention to reduce or 
minimize the effects caused by the torsional forces ex- 
erted by the spring and the tendency of the spring to 
deflect from its axis. 

In accordance with the present invention there is 
provided an electromagnetic linear compressor as set 
out in claim 1 . A first advantage of this arrangement is 
that, compared with the case where a single compres- 
sion spring is used, each spring is shorter, so that there 
is less tendency for it to deflect from the desired axial 
alignment, or the forces due to such a tendency to de- 
flect are less. Secondly, by providing the rotational bear- 
ing between the two springs, rather than at one end of 
single spring as in the prior art discussed above, the out- 
er ends of the spring system can be located more accu- 
rately in axial alignment on the piston axis. 

Preferably the coiling senses of the two springs are 
opposite. In this way the rotational effects due to the tor- 
sional forces exerted by the springs can be mainly or 
entirely cancelled. It may also be that the tendency of 
the spring system to deflect axially is reduced or elimi- 
nated by employing springs of opposite coiling senses. 
Preferably the two springs have substantially the same 
spring constant and substantially the same number of 
turns. 

The rotational bearing between the springs may be 
a ball bearing, or may have low-friction bearing surfac- 
es, e.g. provided by freely rotatable washers of low-fric- 
tion material. 

The use of a spring system with two springs and a 
rotational bearing between them is especially advanta- 
geous when combined with the optional feature of the 
invention next described. 

As mentioned above, it is not clear how in the prior 
art devices using a rotational bearing for one end of the 
spring, the desired effect of gradual rotation of the piston 
is achieved. If the spring applies a rotational force, this 
would be a bidirectional force. Experiments by the 
present inventors suggest that in practice no gradual ro- 
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tation of the piston takes place in such a construction. 
As mentioned, a gradual rotation during operation, 
which can be very slow, is desirable in order to eliminate 
effects of uneven wear due to uneven lateral forces on 
the piston. 

Preferably the compressor has means exerting a 
unidirectional rotational force to rotate the piston about 
said its reciprocation axis gradually, during operation. 
This means for applying unidirectional rotational force 
is other than the coil spring or springs. Preferably the 
means for exerting unidirectional rotational force acts by 
a turbine effect, for example, at least one surface of the 
piston is arranged in relation to the flow of gas being 
compressed by the compressor, so that the gas flow ex- 
erts the rotational force. Such a surface may be a fin or 
fins on the piston, or an angled aperture or apertures in 
the piston head. Alternatively, a magnetic arrangement 
can be conceived, to achieve the desired unidirectional 
rotational effect. 

In general, care should be taken that the means pro- 
viding the unidirectional rotational force does not exert 
a lateral force on the piston, which might increase wear. 

Since the piston is biased axially by a coil spring 
system having two springs and a rotational bearing be- 
tween them as described above, the gradual rotation of 
the piston by the means providing unidirectional rota- 
tional force is rendered easier, since any inhibition of the 
rotation of the piston due to uneven lateral forces or un- 
even forces in a rotational bearing are avoided, due to 
the reduction or neutralization of rotational forces exert- 
ed by the spring system. 

The gradual unidirectional rotation of the piston im- 
proves the piston life by changing the piston attitude rel- 
ative to deflectional forces applied by the spring or by 
the electromagnetic drive. The result is the minimization 
of uneven wear. 

BRIEF DESCRIPTION OF THE DRAWINGS 

An embodiment of the invention will now be de- 
scribed by way of non- limitative example, with reference 
to the accompanying drawings. In the drawings :- 

Fig. 1 is an axial cross-sectional view of the embod- 
iment of an electromagnetic linear compressor accord- 
ing to the invention. 

Fig. 2 is a cross-section on the line A-A of Fig. 1 . 

Fig. 3 is a cross-section on the line B-B of Fig. 1 . 

Fig. 4 is an end view, partly sectioned, of the main 
body of the compressor of Fig. 1 , with the cylinder head, 
head gasket and piston flap valve removed. 

Fig. 5 is an end view in the same direction as Fig. 
4 with the head gasket and the piston flap valve in place. 

Fig. 6 is a partial section on line C-C of Fig. 5, with 
the cylinder head in place. 

Fig. 7 is a cross-section of a modified form of the 
cylinder head shown in Fig. 6. 


BEST MODE FOR CARRYING OUT THE INVENTION 

The compressor shown in the drawings has a body 
composed of a main body 1 of square exterior cross- 

5 section transverse to the axis and a rear body 2 secured 
together by bolts 4 (Fig. 2) with washers 5. The bodies 
1 ,2 are ribbed for cooling and strength. A cylinder head 
3 is secured by bolts 3a (Fig. 6) in threaded holes 3b to 
the main body 1 , with a one-piece sealing head gasket 

io 6 of thin flexible plastics material, in this instance Mela- 
nex™, interposed between them. 

The rear body 2 has an annular recess housing a 
filter 7 for the air passing through the compressor, cov- 
ered by an end plate 8 secured to the rear body by nut 

15 and bolt 8a or similar. 

Axially reciprocatingly movable within the compres- 
sor is a piston 10 with a piston head 11 located within a 
cylinder 12 in the body 1 and a rear guide piston 1 3 sl- 
idably located in a piston guide 14 mounted in the main 

20 body 1 as described below. The piston head 11 has its 
peripherally outermost surface provided by an jn situ 
moulded continuous band 1 5 of plastics material, to min- 
imize leakage of air past the piston. 

Within the main body 1 are electromagnetic drive 

25 coils 22 (Fig. 2) and between the main body 1 and the 
rear body 2 there is a stator 23 composed of a conven- 
tional stack of magnetically permeable laminations. The 
piston 10 carries an armature 24 which is driven linearly 
by the coils 22 and the stator 23, in a known manner, so 

30 that the piston 1 0 is reciprocatingly driven by the linear 
motor thus constituted in one direction and by the re- 
storing force of a spring arrangement 20 described be- 
low in the other direction. The reciprocation frequency 
is in accordance with the frequency of the applied AC 

35 voltage. The details of this driving arrangement need not 
be described further since it is well known. 

Fig. 1 shows that the cylinder surface 12a of the cyl- 
inder 12 is extended continuously rearwardly as inner 
surfaces 25a of two rearwardly projecting arms 25 of the 

40 body 1 , these arms projecting through the stator 23. The 
inner surfaces 25a of these arms 25 are thus part -cylin- 
drical surfaces of the same diameter as the cylinder sur- 
face 1 2a, and are formed in the same machining oper- 
ation as the cylinder surface 12a, so as to have a very 

45 high degree of concentricity and coaxiality with the cyl- 
inder surface 12a. A typical forming process for these 
cylindrical surfaces 12a, 25a is first a boring operation 
of the body part 1 , followed by anodizing of the surfaces 
12a,25a, and then by a highly accurate honing of the 

50 surfaces 12a,25a in a single honing operation by refer- 
ence to a common axis. 

The rear ends of the surfaces 25a form registration 
surfaces for the exterior peripheral cylindrical surface 
14a of the piston guide 14. This exterior cylindrical sur- 

55 face 14a of the guide 14 is also highly accurately ma- 
chined so as to form an accurate register fit within the 
surfaces 25a, thus locating the piston guide 14 with a 
high degree of concentricity with the cylinder surface 
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12a. This achieves accurate radial location of the piston 
guide 14. The axial location ot the piston guide 14, in 
abutment with the stator 23 is achieved in this embodi- 
ment by a resilient rubber compression body 27 and a 
spring support 19 to be described below located be- 
tween the piston guide 14 and an opposed end wall 27a 
of the rear body 2. Electrical isolation of the piston guide 
14 from the main body 1 is achieved by the anodization 
of the mutually contacting surfaces 14a, 25a of these 
parts. 

The endmost one 23a of the laminations of the sta- 
tor 23, which is abutted by the piston guide 14, is not a 
metal lamination but is a sheet of an electrically insulat- 
ing material, such as a plastics material, in order to elec- 
trically isolate the piston guide 14 from the stator 23. 
The abutment of the piston guide 14 with this endmost 
lamination of the stator axially locates the piston guide 
14. The piston guide 14 is thus resiliently clamped 
against the rigid stator 23 by the end wall 27a, through 
the resilient body 27. 

As mentioned above, the piston head 11 has an jn 
situ moulded continuous band 15 of low-friction plastics 
material acting as a piston ring. The guide piston 1 3 also 
has around its periphery an in situ moulded continuous 
band 13a of plastics material acting as a slide surface 
for the guide piston 13 on the piston guide 14. There 
may be recesses, in which these bands 13a, 15 are 
moulded, in the form of short screwthreads on the guide 
piston 13 and the piston head 11 respectively, since 
such screwthreads provide good keying for the plastics 
material and are easily formed. The low-friction plastics 
material used for the bands 1 3a, 15 in this embodiment 
of the invention is injected moulded to a thickness of 
about 1 mm. The material used is PPS (polyphenylene 
sulphide) blended with a percentage of a lubricating me- 
dium and a percentage of reinforcing fibre. This is ma- 
chined after moulding to achieve highly accurate con- 
centricity with the piston head or guide piston. A partic- 
ular advantage of this material is that it has almost the 
same coefficient of thermal expansion as aluminium, of 
which the piston head 11 and the guide piston 13 are 
conveniently made. The difference of coefficient of ther- 
mal expansion between the piston head or guide piston 
and the material of the piston ring bands 1 3a,15 is pref- 
erably less than 2 x 10 _6 /K. 

It can be seen in Figs. 1 and 2 that the portions of 
the piston guide 14 which do not contact the surfaces 
25a of the body projections 25 are thinner walled, in or- 
der to avoid the coils 22. 

The piston 10 is in several parts, secured together 
by a bolt 1 6. The bolt 1 6 passes through the guide piston 
13 and the armature 24 and is screwthreadedly en- 
gaged in a spacer part 1 7. After the part 1 7 has been 
tightly threaded onto the bolt 16, the piston head 11 is 
also tightly screwthreadedly attached to the bolt 16. Fi- 
nally, after location of a flap valve 31 on the piston face, 
a nut 70 is secured on the bolt 16 to hold the flap 31 in 
place. 


Fig. 3 shows an air inlet passage 50 in the rear body 
part 2 having in it a flow-control valve body 51 , which is 
screwthreadedly engaged with a screwthread 52 in the 
wall of the passage 50 and is thus adjustable in position 
5 along this screwthread 52. An air passage 53 allows the 
air to pass through the valve body 51 , and the flow of 
air into the compressor is controlled by the positioning 
of a conical leading end 54 of the valve body 51 relative 
to an opposed shoulder 50a of the passage 50. A spring 
55 acts on the valve body 51 to prevent its accidental 
rotation due for example to vibration. 

The passage 50 leads to the outside surface of the 
filter 7. Air passing through the filter 7 goes into a small 
gap 56 (Fig. 1) between the end plate 8 and the rear 
body 2, and then via passages 57 in the rear body 2 to 
inside the compressor, where it flows over the coils 22 
to cool them in order to reach the back face of the piston 
head 11. This tortuous inlet path for the air helps to re- 
duce noise emitted by the compressor. 

Fig. 4 shows that the piston head 11 has four aper- 
tures 30 (not shown in Figs. 1 and 2) through it, which 
are covered at the head face of the piston head 11 by 
the flexible flap 31 (Fig. 1 ) to form a conventional flap 
valve, for admission of air from within the body of the 
compressor to the cylinder space in front of the piston 
on the reverse stroke of the piston. These apertures 30 
in the piston head 1 1 are angled with respect to the axis 
of the piston. The axis of each aperture 30 is preferably 
about 30° to the axis of the compressor. A suitable range 
for this angle is 10° to 45°. The effect of this angling of 
the apertures 30 is that the air, moving rapidly through 
these apertures during the return stroke of the piston, 
applies a unidirectional rotational driving force on the 
piston by a turbine-like effect, rotating it slightly about 
its axis. This continual gradual unidirectional rotation 
about the axis minimizes the un evenness of any wear 
on the piston and cylinder surfaces of the compressor, 
i. e. renders such wear as uniform as possible. In com- 
bination with the lack of deflection forces and torsional 
forces from the spring system 20 described below, a pre- 
determined and desired gradual rotation of the piston, 
due to this turbine effect of the air in the apertures 30, 
can be achieved. Since the torsional and deflection ef- 
fects of the springs can be ignored, the desired rotation- 
al effect on the piston by the turbine effect is reproduc- 
ible, in mass production of the compressor. In the 
present embodiment, a rotational speed of the piston of 
about 30 rpm has been achieved (the piston recipro- 
cates at 50 Hz). 

Instead of the holes 30 on oblique axes, stepped 
holes (i.e. holes having portions circumferentially 
stepped around the piston axis) may be used, to achieve 
the effect of oblique air flow through the piston which 
causes its rotation. 

Turning now to the compression spring arrange- 
ment 20 shown in Figs. 1 and 2 this has two helical 
springs 20a and 20b, of mutually opposite helical coiling 
sense, arranged in series with a rotational bearing 40 
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mounted between their mutually opposed ends. The 
bearing 40 is supported only by the springs 20a, 20b 
and consists of a body 41 having axial ly projecting spig- 
ots 43 which radially locate the ends ot the springs 20a, 
20b. Around the spigots 43 are low-friction washers 42 s 
on which the ends of the springs 20a, 20b bear. These 
washers are freely rotatable about the axis of the bear- 
ing 40 and are made of moulded PPS containing a lu- 
bricating medium and reinforcing fibre. The outer ends 
of the springs 20a and 20b are received respectively on 
an axial projection 1 9a on the spring support 1 9 and ax- 
ial projection 44 of the guide piston 1 3. 

The rotational bearing 40 is freely movable radially 
and axial ly, so that it provides no constraint against any 
flexing of the spring system. It allows free relative rota- 
tional movement of the inner ends of the springs 20a 
and 20b, so that no net rotational force is applied by the 
springs to the piston 1 0. The opposite coiling senses of 
the two springs 20a and 20b tend to mean that their tor- 
sional forces are cancelled. Because they are relatively 
short, their tendency to deflect from the axis is small, 
and the free rotation of one end of each of them also 
reduces this tendency to deflect. 

The spring support 1 9 is radially located relative to 
the piston guide 14 by a shoulder 19b which makes a 
register fit with the rear end of the piston guide 14. 

Fig. 1 shows a mounting bracket 60 of the compres- 
sor and electrical leads 61, these parts being omitted 
from the other drawings, for simplicity. 

The cylinder outlet valve and air flow arrangements 
at the cylinder head end will now be described. 

Figs. 1 , 2 and 4 show that the cylinder body 1 has 
in it at its forward end face eight deep recesses 62 which 
are arranged in pairs, the two members of each pair be- 
ing joined in each case by one of four shallower recess- 
es 63 in the body end face. One of these shallower re- 
cesses 63 is in communication with the outlet 64 of the 
compressor. In order to provide communication be- 
tween these respective groups of recesses 62,63, the 
cylinder head 3 has four recesses 65 in its face opposing 
the main body 1 . The recesses 65 have sloping or bev- 
elled rear faces 66 (two of these recesses can be seen 
in Fig. 6). Each of these recesses 65 is of a size so as 
to provide communication between two adjacent non- 
communicating deep recesses 62 of the main body 1. 
Thus around the head end of the cylinder there is a con- 
tinuous gallery for movement of air, provided by the re- 
cesses 62,63 and 65. This gallery has a tortuous shape, 
which reduces noise emerging from the compressor. 
The volume of the gallery also provides a smoothing ef- 
fect, reducing the pressure pulsing effect of the rapidly 
moving piston of the compressor. 

The gallery just described communicates with the 
interior of the cylinder 12 via a passage 67 opening in a 
side wall of the cylinder 12 and terminating at an outlet 
end 68 in the end face of the body 1 , at a location cor- 
responding to one of the recesses 65 of the cylinder 
head 3. As Fig. 5 shows, the head gasket 6 lying be- 
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tween the cylinder head 3 and the main body 1, which 
seals around the head end of the cylinder 12, has four 
inwardly directed integral flap portions 69 one of which 
covers the outlet end 68 of the passage 67 thus forming 
a flap valve permitting flow of the compressed air out of 
the cylinder 12 but preventing reverse flow into the cyl- 
inder through the passage 67. This flap portion 69 
moves within the recess 65 of the cylinder head 3 be- 
tween its closed and open positions, and the length of 
its travel between these positions is determined by the 
angle of the bevel rear face 66 of the recess 65. 

It can be seen from Fig. 5 that the gasket 6 can be 
mounted in any one of four different positions angularly 
spaced by 90°, in each of which one of the integral flap 
portions 69 constitutes the flap valve controlling the flow 
of air in the passage 67. Likewise the cylinder head 3 
can also be secured to the body 1 in any one of four 
positions, also angularly spaced by 90°. The four differ- 
ent recesses 65 of the cylinder head 3 have respectively 
different bevel angles of the bevelled rear faces 66. Con- 
sequently, the characteristic of the flap valve arrange- 
ment at the outlet of the passage 67 is different for each 
of the four positions of the cylinder head, because the 
travel of the valve member 69 is different and also the 
volume of the recess 65 is different in each case. 

Furthermore, in the modification shown in Fig. 7, the 
cylinder head 3 is reversible so that either of its main 
faces can face towards the main body 1 of the compres- 
sor. For this purpose it has four of the recesses 65 on 
each of its two main faces and it also has two different 
central recesses 71 , so that the effective volume of the 
cylinder 12 at its head end is different, depending on 
which of the two reverse positions of the cylinder head 
3 is chosen. This again allows some adjustment of the 
characteristics of the compressor. Fig. 7 also shows dif- 
ferent bevel angles of the rear faces of the recesses 65. 

These possibilities for adjustment of the character- 
istics of the compressor allow it to be adapted according 
to a particular use, depending on the relationship of the 
volume of air flow and the pressure of the emitted air. 

It can be seen from Fig. 6 that when the piston head 
11 approaches the limit of its travel towards the cylinder 
head 3, its ring band 1 5 closes the outlet passage 67. 
This means that during the final portion of the travel of 
the piston, air is compressed between the piston head 
and the cylinder head, which causes the piston to stop 
before it hits the cylinder head. Since the band 1 5 is a 
one-piece moulded construction and is continuous 
around the piston head 11 , there is no leakage path be- 
tween the space in front of the piston and the passage 
67, in any rotational position of the piston, after the band 
15 has come alongside the passage 67. 


1 . An electromagnetic linear compressor having a lin- 
early reciprocating piston (1 0) biassed in one direc- 
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tion by a helical coil spring, and a rotational bearing 
(40) supporting one end of the spring (20a,20b), 
characterised in that the piston (10) is biassed in 
said one direction by a spring system comprising 
two helical coil springs (20a,20b) acting in series to 
bias the piston (10) and said rotational bearing (40) 
transmits thrust between the two springs permitting 
relative rotation of the two springs about their axis. 

2. A compressor according to claim 1 or claim 2 
wherein the coiling senses of the two helical springs 
(20a, 20b) are opposite. 

3. A compressor according to claim 1 or claim 2 
wherein the two helical springs (20a,20b) have sub- 
stantially the same spring constant. 

4. A compressor according to any one of claims 1 to 
3 further having means (30) for exerting a unidirec- 
tional rotational force to rotate said piston (10) about 
its axis gradually during operation of the compres- 
sor. 

5. A compressor according to claim 4 wherein said 
means (30) for exerting unidirectional rotational 
force is at least one surface acted upon by gas be- 
ing compressed in the compressor. 

6. A compressor according to claim 5 wherein said 
surface is a surface of an aperture (30) in the piston 
(10). 


Patentanspruche 

1. Elektromagnetischer linearer Verdichter, der einen 
linear hin- und hergehenden Kolben (10), der von 
einer Schraubenfeder in eine Richtung vorge- 
spannt wird, und ein Rotationslager (40) aufweist, 
das ein Ende der Feder (20a, 20b) tragt, dadurch 
gekennzeichnet, daG der Kolben (10) durch ein Fe- 
dersystem in die eine Richtung vorgespannt wird, 
das zwei Schraubenfedem (20a, 20b) umfaBt, die 
in Serie wirken, urn den Kolben (10) vorzuspannen, 
und das Rotationslager (40) Schub zwischen den 
beiden Fedem ubertragt, wobei relative Drehung 
der beiden Fedem urn ihre Achse zugelassen wird. 

2. Verdichter nach Anspruch 1, worin die beiden 
Schraubenfedem (20a, 20b) in entgegengesetzte 
Richtung gewunden sind. 

3. Verdichter nach Anspruch 1 oder 2, worin die bei- 
den Schraubenfedem (20a, 20b) im wesentlichen 
die gleiche Federkonstante aufweisen. 

4. Verdichter nach einem der Anspruche 1 bis 3, der 
weiters Mittel (30) zum Ausuben einer Rotations- 


kraft in eine Richtung aufweist, urn den Kolben (10) 
wahrend des Betriebs des Verdichters allmahlich 
urn seine Achse zu drehen. 

s 5. Verdichter nach Anspruch 4, worin die Mittel (30) 
zum Ausuben von Rotations kraft in eine Richtung 
zumindest eine Oberflache sind, auf die Gas ein- 
wirkt, das im Verdichter verdichtet wird. 

10 6. Verdichter nach Anspruch 5, worin die Oberflache 
eine Oberflache einer Offnung (30) im Kolben (10) 
ist. 


15 Revendications 

1. Compresseur Iin6aire electromagn&ique ayant un 
piston (10) effectuant un mouvement de va-et-vient 
lineaire, sollicite dans un sens par un ressort a en- 
20 roulement helicoTdal, et un palier de rotation (40) 
supportant une extr6mit6 du ressort (20a, 20b), ca- 
racterise en ce que le piston (10) est sollicite dans 
ledit sens par un systeme a ressorts comportant 
deux ressorts enroules helicoTdaux (20a, 20b) agis- 
ts sant en se>ie pour solliciter le piston (10), et le palier 
de rotation (40) transmet une pouss6e entre les 
deux ressorts permettant une rotation relative des 
deux ressorts autour de leur axe. 

30 2. Compresseur suivant la revendication 1 ou la re- 
vendication 2, dans lequel les sens d'enroulement 
des deux ressorts helicoTdaux (20a, 20b) sont op- 
poses. 

35 3. Compresseur suivant ia revendication 1 ou la re- 
vendication 2, dans lequel les deux ressorts helicoT- 
daux (20a, 20b) ont, en substance, la m§me cons- 
tante de ressort. 

40 4. Compresseur selon Tune quelconque des revendi- 
cations 1 a 3, comportant, en outre, un moyen (30) 
pour exercer une force de rotation unidirectionnelle 
pour faire tourner ledit piston (10) autour de son axe 
graduellement en cours de fonctionnement du com- 

45 presseur. 

5. Compresseur selon la revendication 4, dans lequel 
ledit moyen (30) pour exercer une force de rotation 
unidirectionnelle est constituS par au moins une 

50 surface sollicitee par le gaz en cours de compres- 
sion dans le compresseur. 

6. Compresseur selon la revendication 5, dans lequel 
la surface est une surface d'une ouverture (30) dans 

55 le piston (10). 


55 


6 


EP 0 704 023 B1 



7 


EP 0 704 023 B1 



8 


EP 0 704 023 B1 



FIG. 3 


FIG. 6 
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FIG A 
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